At least three key and interrelated aspects of the South African wine industry will influence its conduct and shape between now and 2030. These are the performance of the industry in a global context, climate change and the manner in which the industry responds to this particular challenge, and the provenance of the industry, as reflected in the manner in which the concept of terroir is understood and used by stakeholders, including producers and consumers. With regard to these three aspects, we provide a brief view on performance; we build on the evidence that the industry has already been affected by climate change to show the impact that this is expected to have on the industry; and finally we consider the role that terroir has played in the South African industry, and is expected to play in the future, inter alia as part of the mitigation strategies on climate change. In all three cases the focus is on the linkages between these three elements.
Introduction
At least three key and interrelated aspects of the South African wine industry will influence its conduct and shape between now and 2030. These are the performance of the industry in a global context, climate change and the manner in which the industry responds to this particular challenge, and the provenance of the industry, as reflected in the manner in which the concept of terroir is understood and used by stakeholders, including producers and consumers. With regard to these three aspects, we provide only a brief view on performance, as it is the subject of another paper at this workshop (Van Rooyen, et al., 2010) ; we build on the evidence that the industry has already been affected by climate change (Bonnardot and Carey, 2008) to show the impact that this is expected to have on the industry; and finally we consider the role that terroir has played in the South African industry, and is expected to play in the future, inter alia as part of the mitigation strategies on climate change. In all three cases the focus is on the linkages between these three elements. Table 1 provides some basic facts about the South African wine industry. The first four rows of the Table show that the number of wineries (cellars) increased from under 300 in 1997 to almost 600 in 2008 (row 4), and that this has largely been the result of expansion in the number of private cellars, which have increased from 218 in 1997 to 504 in 2008. The final row in this section of the Table shows that most of these new cellars are small: the proportion of cellars that crush less than 100t of grapes per year has increased from a quarter of the total in 1997 to almost half in the past five years. The fragmented nature of the South African industry is well illustrated by these data. However, there has also been an increase in the number of wineries that are capable of pressing more than 10000t per year, especially since 2002, after declining between 1997 and 2002. As with so many other aspects of South Africa's economy, there seems to be a 'missing middle'.
Performance
The second set of rows in Table 1 shows the trends in new vine planting over the past decade. The data show a relatively rapid expansion in the total area under grape vines after South Africa's first democratic elections in 1994 -the area under vines increased from less than 90 000 hectares to more than 100 000 hectares by 2004. However, since then the area has stabilised, and is currently declining, while the proportion of vines younger than 4 years has declined consistently since the beginning of the current decade. It would seem, therefore, as if the industry has consolidated with little prospect for future growth in absolute size given the uncertain investment climate in South Africa (see e.g. Sandrey and Vink, 2008) .
Finally, the last set of rows reflects changes in the size and composition of the wine that is made from grapes harvested in the industry. The data show that the industry's capacity to produce wine, distillates and grape juice concentrate increased by some 20% over the last decade. Over this period the proportion of 'good wine' increased from 62% of the total to above 70%, while exports increased from some 12.5% of the harvest to well over 50%. These data reflect the revolution in quality production that the industry has experienced since the new beginnings in the early 1990s. However, they also reflect the greatest vulnerability of the industry: a declining domestic market, which has seen domestic sales of wine decline by some 100 million litres (25% of total sales) over the past decade despite the relatively healthy economic growth over this period. All in all, though, the South African wine industry has done well since the advent of democracy in 1994. Exports have grown by more than six fold in value terms (Figure 1) , and from 20 million litres per annum in 1992 to more than 400 million litres in 2008. Wine exports have also become the largest single agricultural export from South Africa, doubling its share from around 7% of total agricultural exports in 1996 to some 15% in 2007 ( Figure  1) . Furthermore, the industry has a strong impact on the South African economy as a whole, as is evident from Table 2. The data show that the industry had a total turnover of some R19bn 1 in 2008, of which R3.3bn (17%) was from primary production and the rest from secondary activities, which includes the distilling function. Exports contribute R6bn or just on one third of total turnover, which again reflects the relatively large brandy and fortified wine sectors of the South African industry (whereas wine exports now represent more than 50% of total wine sales). Imports are negligible, reflecting relatively high tariff protection. Table 3 shows that the growth in nominal turnover has been greatest in the value-adding part of the industry, with farm gate turnover increasing by a mere 37%, compared to domestic retail (45%) and export (99%) growth. Interestingly, employment has increased by 43%, whereas employment in agriculture generally has declined. Economists, 2004 Economists, , 2009 However, this performance is less impressive when seen in an international context ( Figure  2 ). Data on the growth of wine exports from New World wine producers show that South Africa's export growth is overshadowed by Chile and Australia, and has only recently overtaken the USA, a country with a large domestic market. Given that the South African industry is dependent on the export market (with domestic per capita consumption at only 7.3 litres in 2008 and declining, compared to 22.4 litres in Australia and 8.4 litres in the USA) (SAWIS, 2009 ), this performance is somewhat disappointing. The question is: to what extent has climate change contributed to this lack of competitiveness, and to what extent will it affect competitiveness in the future? In the next section, the evidence on climate change is examined. (Trenberth et al., 2007) . Although it is found less important in the Southern Hemisphere than in the Northern Hemisphere, climate change is a reality and its impacts are increasingly felt in South Africa.
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At the national scale in South Africa, an economic study on agricultural impacts, based on three scenarios, indicates that crop net revenues could fall by as much as 90% by 2100, with small-scale farmers affected most severely (Benhin, 2006) , although the adoption of mitigation strategies could reduce these negative effects. Other studies also show the potential impacts of climate change on different South African ecosystems, e.g. fynbos (Midgley et al., 2002) , animals (Erasmus et al., 2002) , and dunes (Thomas et al., 2005) .
Studies on climate change at the regional scale of the South Western Cape, the traditional wine grape-growing area of South Africa, show that climate change has already affected the wine industry. Research shows significant trends in rainfall and air temperature: in a study of 12 weather stations located in the South-Western Cape over the 1967-2000 period, Midgley et al., (2005) found significant warming trends for minimum (around +1°C for December to March) and maximum temperatures for nearly each month of the year. Very warm days have become warmer and have occurred more frequently during the last decade, particularly during January, April and August.
Globally, research on climate change and its impact on viticulture gained momentum with the publication of an article by Schultz . Since then, the topic has received increasing attention and has been studied in most wine producing regions worldwide. An analysis of weather stations located in South African vineyards over the period , for example, showed that the wine regions of the Western Cape have experienced a significant increase in temperature over the past decades (Bonnardot and Carey, 2008) . The annual temperature increase ranged from 0.5°C to 1.7°C depending on regions and periods (Table 4) . Source: Adapted from Bonnardot and Carey (2008) According to Bonnardot and Carey (2008) , the first signs of warming were higher winter maximum temperatures starting in the late 1960s, while a significant date of break in the annual temperature series going from 1967 through to 2006 occurred in the mid 1980's, with a warming acceleration since 2000. This is similar to trends found in the literature. The calculation of the Winkler index for viticulture using a longer data series from the Bien Donne weather station in the Paarl Wine of Origin district clearly confirms the increasing rate of warming over the last decade ( Figure 3 ) . Furthermore, inter-annual variability remains within the upward trend ( Figure 3 ).
Studies on future expected climate conditions for South Africa show that temperatures can be expected to rise everywhere in the South Western Cape, with the smallest increases in areas adjoining the coast. Typical increases range from ~1.5º at the coast to some 2-3º inland of the coastal mountains by 2050 (Midgley et al, 2005) . Based on 30-year control climate of Global Climate Models, rainfall projections for mid century (2046-2065) over the Stellenbosch, Paarl and Franschhoek wine regions show diminished winter rainfall, particularly in early winter (Carter, 2006) . Generally speaking, one can expect warmer and drier conditions for vineyards.
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Figure 3: Winkler index (1941-2008) for Bien Donne in the Paarl wine of origin district
Despite observed trends at regional scales and predicted climate change for the South African wine regions, the best strategy for surviving climate change is to deal with diversity: diversity in soil, climate, cultivars (heat tolerant cultivars) and people. The key to surviving climate change firstly requires an understanding of climate at different scales (especially micro scales) in order to adapt correctly according to the location-specific potential for viticulture. Studies dealing with climate at different scales have shown, for example, the effect of inter-annual microclimatic variability on Sauvignon Blanc wine aroma (Marais, 1994; Marais, et al., 1996; Conradie, 1998) , or the effect of proximity of the Atlantic Ocean and complex topography on local air circulation (sea and slope breezes) resulting in interesting spatial climatic variability for viticulture (Bonnardot et al., 2001; Carey et al., 2003; Bonnardot et al., 2002; Hunter and Bonnardot, 2002; Conradie et al., 2002) . The cool night index (Tonietto and Carbonneau, 2004) recently calculated for the 2008-2009 season at locations situated in the Overberg (Elgin), Stellenbosch and Paarl wine of origin districts (figure 4) clearly confirms macro and meso-climatic effects, with differences of up to 6°C over a 40 km distance ).
Irrespective of climate change, the current diversity of climatic situations in South Africa allows the elaboration of different types of wine (rosé, red and white wine, port, sparkling and sweet wine) of different styles. The example of a white cultivar such as Sauvignon Blanc is relevant to illustrate the effect of climate on the yield potential and the style of wines (tropical or green/herbaceous characteristics), which is mainly related to the climate of a specific region and/or vintage (warm versus cool) (Conradie et al., 2002; Deloire et al., 2009) . Deloire et al., (2008a: 1) describe 'terroir' as "… a near-mystical French word which is now employed internationally in relation to a wide variety of products. It signifies an elusive combination of the effects of sun, soil, weather and history." They go on to provide the formal definition of the concept as used by UNESCO (Deloire et al., 2008a: While the concept has become used in many different applications, it is best known in the wine industry. As Deloire et al., (2008a: 1) express it: "… wine has a special quality of invoking positive images of a specific place -it is the expression of the distinctiveness and individuality of a particular site. In the classical conception, terroir is a quality of certain special wines, a quality that transcends the winemaker's personal style or taste."
Terroir is one of several 'quality conventions' that act as instruments of verification for top quality wines (together with endorsement by a renowned wine writer, judge or publication and the 'personality' of either the wine, its presentation, the winemaker, or the property behind it) (Ponte, 2009: 242-243) .
Quality as terroir is built upon the idea that good wine can only come from specific locations and only after long experimentation and close knowledge of the land. Used in this way, the concept of terroir has only been loosely applied in the South African wine industry, and even today only a handful of producers try to sell their wine on this basis.
Instead what the industry tried to do was to institutionalize geographical origin as a quality convention with the launch of the 'Wine of Origin' (WO) scheme in the early 1970s 2 . Like 'terroir', geographical origin is a so-called domestic 3 convention, but it is less precise and immediate than terroir and can relate to fairly large and internally diverse regions.
In South Africa there are several 'layers' of geographical indications, from broad regions to individual vineyards, but no specific limitations on cultivar, grape quality, and viticulture and winemaking techniques are imposed. The broadest geographical units, below the generic 'Wine of South Africa' indication, are at the provincial level. Within the Western Cape province, where most of the wine of high quality is produced, there is a large diversity of geography, climate and soils. The next layer in the system is the regions (such as Coastal Region), usually built around a common broad geographic trait, such as a river or a plateau. Districts are also built around macro characteristics such as mountain ranges and rivers, but with a more specific character than regions, even though they still encompass a wide variety of soil types, topographies, etc. Stellenbosch is probably the most recognized district internationally. Wards are where soil, climate and ecological factors start to have a distinctive and more easily recognizable impact on the character of wine (or they should, anyway). Wards such as Constantia and Franschhoek enjoy a good reputation for high quality wines, but there are also emerging areas such as Elim and Elgin for 'cool climate' varieties such as Sauvignon Blanc (Ponte & Ewert, 2007: 34) .
Estate wine is wine made of grapes grown within the borders of one or more bordering farms that are operated as a unit with its own cellar. The regulations on estate wine have been changed several times and are subject to some debate. The most recent changes entail that 'estates' are no longer recognized by the WO scheme -only 'estate wines' and units registered for the production of estate wine (Ponte & Ewert, 2007: 34-35 ).
The smallest production unit is single vineyard wine, made with grapes coming from a single cultivar and a single vineyard not exceeding five hectares. This is a new system (the first wines were certified in 2005) and it is still unclear whether it will have many takers among high-quality producers. The Wine and Spirits Board is also considering the development of a certification system for so-called Terroir Specific Wines (TSW), a further step towards the demarcation of geographic origin according to the European model, but it is unlikely to be backed up by rules on quality, cultivar choice and viticultural techniques. Finally, recent changes allow for blending wines and grapes from different Wine of Origin districts, and for indicating all the districts on the label rather than the larger regional demarcation (Ponte & Ewert, 2007: 35) .
Of all the wines certified under the Wine of Origin scheme in 2005, the majority (69%) specified only the broad geographical unit. Other, and more specific, origins applied to 29% of total certified wine, while estate wine accounted for only 2% of total certifications (Ponte & Ewert, 2007: 74) . Therefore, insofar as climate change at the southern tip of Africa will affect the 'typicality' of terroir in the 'estate wine' sense of the word, it is almost a non-issue. The real issue is to what extent will the diversity of South Africa's soils and climates, together with the cooling influence of two oceans, put local producers in a position to mitigate the impact of climate change and keep producing styles of wine hardly affected by the changing weather?
The South African wine industry to 2030

Dimensions of the impact of climate change
Historically, the South African wine industry has been characterised by its diversity, but this diversity is threatened by climate change. When a warm region, for example, becomes a hot region, diversity in the type and style of wine that can be produced is limited. On the other hand, the industry is situated in an area where there is still potential for further expansion into temperate and cool areas, for changes in viticultural and oenological practices, and for changes in wine styles. These issues are discussed below.
Geographic shift
Climate, together with soil surveys, are important factors that are studied in order to gain information that can assist in establishing new locations for grapevines, selecting cultivars, assessing the viability and profitability of the vineyard and managing vineyards. The climatic trends which are currently observed hold potential implications for changes in wine styles due to changes in berry ripening processes and altered cultural and oenological practices. Furthermore, these climatic trends may have already contributed to the development of new wine regions in SA. The search for cooler locations towards the coast, where the moderating effect of the ocean is expected to temper increasing summer temperatures or at altitude, as well as the development of vineyards towards the eastern part of the Western Cape Province with a more evenly distributed rainfall are an existing response to climate change in South Africa (Bonnardot & Carey, 2008) . The cooling of air due to local sea breeze circulation in the afternoon may have an effect on the dynamic of ripening and on the style of wine .
Viticultural practices
The increase of temperature increases the vineyard evapotranspiration which could, in the long term, lead to increased demand for irrigation water at a time where agricultural use of water is coming under increased pressure. Thus the concept of precision viticulture and precision irrigation is important, as water has to be saved within the concept of sustainable viticulture.
For the majority of the vineyards worldwide, the main training system is that of vertical shoot positioning (V.S.P.). Generally, this training system results in a large canopy that increases the rate of transpiration. The use of the goblet system could be an interesting solution for dryland production where the supply of water is restricted, but adapting the training system to drier conditions in this manner will necessarily lead to a reduction in grape yield, which will in turn impact on the type and style of wine that can be produced.
Style of wine
The average alcohol content of wines has been increasing recently, but in the face of consumer trends that clearly favour more healthy lifestyles. While this does not seem to have had an impact on the wine industry thus far (either globally or in South Africa), it is clear that this is a trend that needs to be taken into account. The reasoning that considers berry ripening only in relation to the brix evolution is no longer relevant. From a certain level of brix it is necessary to stop berry sugar loading and to stabilise berry volume evolution to be able to achieve the berry ripening process without an important increase in brix. New indicators such as berry sugar loading should help in controlling this process in the vineyard (Deloire et al., 2008b) . Another interesting solution is to select among the actual cultivars and clones that are available those which are able to ripen berries at a low level of brix.
Other methods in the cellar include de-alcoholisation and in the future the possible use of new stains of yeasts. Generally speaking, and in the context of global warming, the oenological processes should be the same. Another indirect consequence of temperature increases related to global warming could be the use of more energy in the cellar to cool down the harvest and to store the wine in tanks.
Finally, climate change affects the relationship between a dedicated terroir and the specific characteristics of the wine, because climate change results not only in higher temperatures and lower rainfall, etc., but on more variability in the weather. Inter-annual/seasonal climate variability and climate change studies should therefore be led in parallel with berry ripening in relation with the style of wine for a desired type of wine.
Looking to 2030: strategies to mitigate the impact of climate change Upgrading
Major product, process and (some) functional upgrading has taken place in the South African wine industry over the last decade and a half (Ponte & Ewert: 2007:46-50; Ponte & Ewert, 2009 : 1640 -1647 . Throughout much of the twentieth century, the wine industry was centred around cooperative wine cellars, which were responsible for a large proportion of total wine production, supplied bulk wine of low quality, and whose farmers were dependent on cheap black labour. Although some improvements had taken place before the end of apartheid, the industry has upgraded substantially since. This took place especially in the 1990s, with a less steep curve in the 2000s. These changes are summarised in Table 5. The upgrading picture emerging from the South African case is complex, where better product quality, better processes and some functional upgrading co-exist with demands for higher volumes of basic quality wines and increasing demands for bulk delivery, shorter lead times, flexibility in delivering to buyer specifications, and the provision of expensive promotional support. Demand-driven wine styles, volume and consistency have allowed the industry to grow in the basic quality segment of the industry, while the proliferation of higher quality wines has opened new niches. This has stimulated further process upgrading in the form of vineyard practices, wine cellar innovation, better managerial practices and more systematized quality management, yet the rewards have been limited and some types of risk have increased. Furthermore, the margins for improvement have now decreased in many areas. The extras (e.g. promotional support) that need to be delivered to obtain or maintain a listing with major retailers are expensive. Margins remain low in the retail markets of the UK, Germany and the Netherlands, the industry is still far from a visible presence in the more lucrative US market, and the domestic market remains under-developed. Ponte and Ewert, 2009 South Africa is a developing country with a small (and shrinking) domestic market for wine that faces increasing difficulties in accessing export markets profitably. For these reasons, the South African industry should take a broader view of upgrading, one that takes into account the constraints faced by the industry. Product upgrading, for example, should include effects on product quality that do not necessarily mean higher value added. Conversely, there may be strategies related to the product itself (e.g. forward contracts, volume premiums) that can have beneficial effects without changing anything to the nature of the product itself. Second, process upgrading needs to include 'improved' practices (and related logistics, time-tomarket, environmental management, food safety regulation, fair trade certification, etc) that do not necessarily make processes more 'efficient', but that allow developing country players to maintain or improve their position in value chains.
Third, both product and functional upgrading should include forms that traditionally would be conceived as 'downgrading' (moving down the value chain, producing/selling more basic products at larger scale). Bulk sales have actually allowed the survival of key segments of the industry in the past. At the same time, product downgrading may not be a profitable strategy in the long run. If producers downgraded out of necessity and/or only part of their production, they can still go back to higher quality production. Those who are producing only low quality do not have such an option and tend to be stuck in price sensitive and low margin segments of the market (in Europe, this is known as the 'Aldi effect', from the name of the large German discount chain). That is why process downgrading is seldom a good option.
Creating the image of South African wine
Given the growing health consciousness of consumers, one of the areas where the South African wine industry is in need of further 'upgrading' is the high alcohol levels in wine. Although precise data are lacking, many in the industry agree that the average level has increased visibly in the last decade (Lloyd, 2005) . More powerful yeasts and better vine material are part of the reason, but the main reason is the changes in winemaking styles, especially the search for riper, more concentrated wines with higher alcohols to appease, depending on the wine segment, wine judges or the perceived fruit-forward preference of Anglo-Saxon consumers, traditionally consumers of beers and spirits with a higher per capita consumption of sugar than in Southern Europe. One theory is that New World wineries quickly adapted to these 'new palates' and increased the focus on primary fruit and sweetness, rather than tannin (Matthews, 2004) . Technically, reducing alcohol levels is not difficult to do. However, lower levels need to be become part of an enhanced market consciousness.
Broadly speaking, it is in the areas of viticulture and marketing where the biggest challenges for the South African wine industry lie. What is at stake in the vineyards is not only better cultivar-terroir adaptation, and a more conscientious, scientific implementation of vineyard practices, including canopy management and yield control (so-called 'precision viticulture'), but South Africa can in fact extend the lead it has build up in environmentally-friendly viticulture in the form of IPW and BWI.
The Integrated Production of Wine (IPW) scheme is a semi-regulatory system that was introduced in South Africa in 1998. It provides guidelines for 'Good Agricultural Practices' for farms and 'Good Manufacturing Practices' for cellars to produce wines that are 'healthy, clean and environmentally friendly ' (IPW, 2004) . The scheme is officially 'voluntary', but registered IPW actors represent 97% of harvested grapes in the country (IPW 2004) . However, the proportion of actually audited farms and cellars is much smaller -the system is still mainly regulated via self-monitoring. Compliance can be achieved by scoring a minimum 50% of the total score, a fairly low threshold by international standards. To our knowledge, however, the IPW scheme is unique of its kind in the wine producing world.
In 2005 only 50 grape samples a year were being tested for the presence of pesticide residues.
4 Cellar audits were slated to increase from 50 to 110 so that all IPW cellars would be visited/audited within a 5-year period. Farm-level visits, however, were to remain at 36 per year, a small proportion of wine farms. In the future IPW system, certificates were to be sent to cellars only if they paid their dues and had actually filled the self-evaluation forms, and conformity certificates were to be issued only if an external audit had been passed (Ponte & Ewert, 2007: 28) . From 2010 IPW compliance will be compulsory and every bottle of South African wine destined for export will carry a ticket that says 'Integrity and Sustainability'. Since the environment is the issue, this seal of approval, together with the biodiversity message ('Variety is in Our Nature'), could give South African wine a marketing edge above all other wine producing countries of the world, at least for a while.
The motto 'Variety is in Our Nature' defines Wines of South Africa's (WOSA) marketing initiative to promote 'Brand South Africa' abroad. The idea is that the fantastic biodiversity of the Western Cape can be translated into a great variety of wines, and conversely that appropriate stewardship of the winelands can preserve this biodiversity. What WOSA wants to portray is South Africa as a 'dynamic country of enormous diversity … [with a winemaking tradition blending] the restrained elegance of the Old World with the accessible fruit-driven styles of the New World … [yielding] wines which eloquently express the unique terroir, extraordinary biodiversity and fascinating people of the Cape' (WOSA 2005: 5) .
This commitment is showcased in the Biodiversity and Wine Initiative (BWI) and in the integration of biodiversity guidelines in the Integrated Production of Wine scheme. In practice, this means that before planting new vineyards, producers need to carry out a botanical audit and draw up a plan to preserve endangered and significant species. Some producers have set aside natural areas that will remain undeveloped in perpetuity (WOSA 2005: 11) .
The BWI initiative, which was established in 2004 with co-funding from the World Bank (Wineland, January 2005: 4), aims to achieve:
• no further loss of habitat in critical sites;
• a positive contribution to biodiversity conservation through setting aside natural habitat in contractual protected areas; • changes in farming practices to enhance the suitability of vineyards as habitat for biodiversity, and a reduction in farming practices that have negative impacts on biodiversity, both in the vineyards and in surrounding natural habitat; • benefits to the wine industry by using the biodiversity of the Cape Floral Kingdom (CFK), and the industry's proactive stance of implementing biodiversity guidelines, as a unique selling point to differentiate Brand South Africa .
As of February 2007, the BWI had 4 champions, 4 cooperative cellar members, and 70 regular members (Wineland, May 2007) . These represent over 45% of the Cape winelands. Requirements for membership are much less stringent than for becoming a 'biodiversity champion'. Applicants are asked to comply with the biodiversity guidelines 'where appropriate, to the best of the company's ability'; to supply BWI with a copy of an aerial photo map of the property; to 'responsibly conserve' the demarcated biodiversity area to obtain an IPW certificate; and to supply the property's 'biodiversity story' for marketing purposes. Champions, on the other hand, need to score 85% of the total points in the selfassessment biodiversity form and to comply with additional demands.
Skills, training and human development
All these challenges require a labour force that is more educated and better skilled than in the past -from the upstream farmer to the downstream marketer and exporter. At the farm level the production of better quality wine requires the implementation of particular technical measures in the vineyard, such as correct soil preparation, cultivar-terroir adaptation, vigour and yield control, and environment-friendly production. Cultivar-terroir adaptation is an essential element of the production of grapes for quality wines. As cultivars are often new and the terroir highly diversified, enterprises are forced to build up spatial data bases of various kinds, enabling the identification of plants' agronomic behaviour and the oenological results of grapes according to their annual variability in the different parts of the vineyards (Carey, 2001) . In addition, the control of plant vigour, i.e. the achievement of balance between growth and production, is the key factor in the concentration of berry sugar, aromas, phenolic components and other elements that are at the basis of successful production of high quality wines. Thus, it is crucial to monitor precisely the individual behaviour of vines, which is highly variable, even in the same block, due to the strong heterogeneity of soils and altitude. This precise monitoring is meant to adapt each action on the vine to its actual needs. As a result, in the quality era, pruning, de-suckering, and other aspects of canopy management have to be executed in accordance with the specific condition of the vines. The same goes for yield control. In addition, environment-friendly techniques are increasingly defined as an additional attribute of quality.
Since the mid-1990s South Africa has made major strides in quality management in the vineyards, including the management of vineyards on the basis of separate blocks (i.e. 'block grading'). Learning has taken place on most wine farms; however, on the management side there is often still too little management and attention to detail. Farms workers are often given only the most rudimentary knowledge regarding vineyard practices, and are not expected to use their own initiative. As a result, when the worker comes upon an abnormal situation in the vineyard for which the 'recipe' does not provide, he/she cannot act independently, and has to call in the farmer/manager for advice. Farm workers also lack mobility in the labour market. On most farms training is done informally ('on the job') and workers do not receive any kind of formal recognition which they could use to move around in the labour market. Furthermore, even in an era where they enjoy 'normal' labour rights, interpersonal relations are often such (either paternalist or adversarial) that it undermines workers' self esteem or does not trigger a keen desire to learn. As a result, many farms do not succeed in producing top quality grapes.
None of this is enhanced by the fact that between 20-25% of all (permanent) farm workers are (still) illiterate and that many a worker's health is undermined by alcohol abuse, tuberculosis and HIV/AIDS. Therefore, in the South African situation, the focus can never be on technical skills training or wages alone. Technical training has to go hand-in-hand with personal and human development (literacy training, basic health care, decent housing). If done on a bigger scale than at present, it will enhance the competitiveness of the South African wine industry immeasurably. A handful of leading private cellars are living proof of what could be achieved at industry level.
Research and development
There is little doubt that climate change will influence berry ripening and the warming may lead to earlier dates of harvest and result in different wine styles. Producers will have to take cognisance that lack of water, increase in temperature, increase in evapotranspiration, etc. will have an impact on their viticultural practices. Consequently, the following questions need to be investigated: How will cultivars adapt to warming and drought? What is the upper temperature limit for cultivar harvest potentiality to be acceptable regarding wine styles?
Within a more technologically advanced world, advanced technology is being developed to monitor berry ripening. This technology is rapidly being adopted by large estates and cooperatives to enhance their marketing edge. Sustainable and precision viticulture represent two ways with great potential.
Investment strategies
South Africa's wine industry has been characterised by change since the end of apartheid 15 years ago, yet there are few signs of large-scale investments in the industry. The reality of climate change brings new investment challenges to the sector. In addition to the impact of mitigation strategies that have been identified in this paper, there are two factors that the industry will have to take into account (Bridges, 2009 ):
1. Agriculture is responsible for 14% of global greenhouse gas emissions, so it will be affected by global agreements to reduce carbon emissions. As part of the agricultural sector, the wine industry will no doubt also be affected. 2. The increased public pressure to cut global greenhouse gas emissions will extend to prescriptions such as carbon labelling and carbon footprinting. The agricultural sector is especially vulnerable in the latter case, as the transportation of large quantities of low value agricultural products constitutes a large share of world trade in physical goods. Both the rising costs of transportation, as well as possible (probable) special measures to curb environmentally damaging transportation networks will affect the sector, including wine.
Summary and conclusions
The South African wine industry has experienced a boom period since the end of apartheid some 15 years ago. This was manifested in a rapid growth in the number of wineries, a rapid growth in wine exports, and growth in employment. However, most of the new wineries are small, with a capacity of less than 100 tons per year. Furthermore, the export performance has not been as strong as that of Australia and Chile, while domestic sales have declined by 25% and per capita consumption of wine is declining.
Research on climate change shows sharp increases in annual maximum and minimum temperatures and declining rainfall in the Western Cape Province, the traditional home of wine in South Africa, and that these trends are expected to continue into the future. In this regard, South Africa's wine grape growing regions are characterised by diversity (in climate, topography, soil type, etc.), and diversity is the key to managing the effects of climate change.
Finally, the South African wine industry has recognised the important role that provenance plays in building the identity of wine, and has put in place the Wine of Origin scheme to give effect to this role. Nevertheless, this has not taken on all the dimensions of provenance inherent in the concept of terroir. There is also evidence that the industry as a whole is even less inclined to adopt closer geographical definitions than even a decade ago for all but the highest-priced wines.
These observations form the basis of an assessment of the dimensions of the impact of climate change on the industry, and of steps that can be taken to manage this impact. The dimensions of the impact are discussed with respect to geographic shifts, viticultural practices and the style of wines produced.
In brief, the South African wine industry has already shown considerable flexibility in shifting geographically to new production areas that are characterised by cooler climates. This shift will become more urgent in the future and could have unintended consequences for the industry (e.g. in the form of logistical challenges in the new areas, over-capacity in infrastructure in existing areas, etc.) For this reason, the industry will need to focus on reaching a better understanding of these changes. At the same time, both viticultural and oenological practices should be adapted to take into account the expected impact of climate change.
The process of designing instruments to assist in finding appropriate mitigating strategies should take into account aspects of upgrading, of marketing strategies that account for human and environmental health, of skills development, of research and of investment strategies.
